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INTRODUCTION 

The  ability  of  the  parents  to  produce  a  viable  hybrid  is 
one  of  the  first  requirements  in  successful  plant  breeding. 
This  requirement  is  often  difficult  to  meet  in  interspecific 
crosses.  The  present  work  deals  with  the  frequency  of  seed  set 
and  with  seed  development  in  the  interspecific  cross,  Sorghum 
vulgare  lers.  x  Sorghum  halepense  (L.)  Pars. 

Karper  and  Chisholm  (37)  reported  that,  Sorghum  versicolor 
J.N.Anderss.  has  10,  S.vulgare  20,  and  S. halepense  40  chromo- 
somes.  Snowden  (58)  reported  that  there  are  seventeen  wild 
sorghums  which  have  the  same  chromosome  number  (2n  ■  20)  as  the 
cultivated  sorghums  and  which  can  be  crossed  readily  with  them 
to  produce  fertile  hybrids.  Celarier  (21)  added  the  species 
Sorghum  stapfii  Fischer  to  this  list.  Of  these  species, 
S.vulgare  var.  sudanense  Stapf .  has  been  used  with  success  in 
forage  crop  breeding. 

S. halepense.  popularly  known  as  johnsongrass,  is  a  per- 
ennial form  with  rhizomes.   It  is  native  to  Africa  and  Southeast 
Asia  and  for  many  years  has  grown  wild  in  the  Mediterranean 
region  of  Europe  and  the  Southern  United  States  of  America 
(1,  20).  All  rhizomatous  species  of  sorghums  have  forty  chromo- 
somes except  Sorghum  propinquum  (Kunth)  Hitch,  which  has  twenty 
chromosomes  (20). 

Karper  and  Chisholm  (37)  attempted  to  cross  S. versicolor 
(n  ■  5)  with  both  S.vulgare  var.  sudanense  (n  ■  10)  and 
S.vlrgatum  (n  «  10),  and  also  with  S. halepense  (n  «  20),  but 


were  unsuccessful.  A  total  of  217  o.vulgare  var.  sudanense 
flowers  was  emasculated  and  pollinated  on  three  consecutive 
mornings  with  S.halepense,  and  53  reciprocal  crosses  were 
attempted.  They  obtained  only  one  hybrid  seed. 

Since  new  methods  of  bulk  emasculation  with  hot  water  have 
been  developed  by  Stephens  and  c^uinby  (61),  and  since  the  de- 
velopment of  male-sterile  varieties  (63),  species  hybrids  in 
sorghums  should  more  easily  be  produced,  as  many  more  ovules 
can  now  be  pollinated. 

Attempts  to  cross  o.vulKare  with  S.halepense  have  been  made 
by  several  investigators  (7»  19 *  20,  28,  30,  32,  4-3,  53).  Suc- 
cess was  obtained  when  S. vulvar e  was  used  as  the  pistillate 
parent.  The  F,  from  these  crosses  had  only  partial  seed  set 
and  showed  a  high  degree  of  sterility.  Hadley  (32)  suggested 
that  the  frequency  of  hybrids  resulting  from  "unreduced  eggs" 
was  higher  when  the  male-sterile  stocks  were  used  as  female 
parents.  It  is  not  yet  known,  however,  whether  the  diploid 
eggs  were  the  result  of  nonreduction  in  the  meiotic  process  or 
were  reduced  eggs  that  became  doubled  during  delay  in 
fertilization. 

Casady  (18)  reported  that  failure  of  attempted  2n-by-4n 
crosses  was  due,  not  to  the  failure  of  fertilization,  but  to 
breakdown  of  the  post-fertilization  process  resulting  probably 
from  the  difference  in  chromosome  number.  The  partial  sterility 
among  the  hybrids  of  kafir  and  milo  was  concluded  by  Xarper  and 
Chisholm  (37)  to  be  due  to  morphological  or  physical  factors 


rather  than  chromosomal  irregularities. 

REVIEW  OF  LITERATURE 
Cross  Incompatibility 

Brink  and  Cooper  (14)  found  in  several  species  that  col- 
lapse of  the  immature  seed  is  a  frequent  cause  of  sterility 
following  interspecific  matings  in  flowering  plants.  Plants 
belonging  to  the  same  species  cross  readily  while  those  belong- 
ing to  different  species  are  difficult  to  cross  if  they  can  be 
crossed  at  all.  Garber  (29)  and  Endrizzi  (28)  were  unable  to 
effect  crosses  between  members  of  Para-sorp;hum  and  Eu-sorKhum. 
In  the  genus  Sorghum  several  species  do  not  cross  readily. 

Ayyangar  (4)  and  Garber  (30)  have  reported  cross  incom- 
patibility even  among  species  which  have  similar  characteris- 
tics and  possess  the  same  number  of  chromosomes.  Celarier  (21) 
and  Bhutany  (9)  reported  that  plants  of  johnsongrass  from  dif- 
ferent regions  differ  in  their  ability  to  cross  with  the  culti- 
vated sorghums.  Cross  incompatibility  has  been  reported  among 
species  of  several  plant  genera  e.g.,  Nicotiana  (26),  Trifolium 
(2),  Oenothera  (45),  and  Zea  (55). 

One  of  the  simplest  incompatibility  mechanisms  is  that  re- 
ported by  East  and  Mangelsdorf  (27)  in  Nicotiana  sanderae.  Hort. , 
which  has  since  been  referred  to  as  the  Nicotiana  type  of  incom- 
patibility, personate  incompatibility,  or  incompatibility  due 
to  oppositional  factors.   Incompatibility  in  this  system  is 
determined  by  a  multiple  allelic  series  of  3  genes  at  one  locus. 


In  diploids  there  is  one  3  gene  in  the  pollen  and  two  in  the 
somatic  tissue  of  the  style  which  the  pollen  truce  must  trav- 
erse. Pollen  tube  establishment  or  growth  is  inhibited  in 
styles  containing  an  allele  in  common  with  that  of  the  pollen. 
The  cause  of  cross  sterility  among  the  different  varieties  of 
popcorn  reported  by  Brunson  and  Smith  (16)  has  also  been  con- 
sidered by  Schwartz  (55)  to  be  genie. 

Hybrid  Invi ability 

Stebbins  (60)  has  dealt  with  the  inviability  of  species 
hybrids  in  detail  and  has  classified  causes  of  hybrid  inviabili- 
ty into  three  main  categories: 

1.  General  incompatibility  between  the  parental  chromo- 
somes  and  genes. 

2.  Incompatibility  involving  cytoplasmic  and  plastid 
differences. 

3.  Incompatibility  between  the  embryo  and  surrounding 
tissues. 

Sears  (54)  reported  a  gene  in  Triticum  monococcum  L.  which  has 
a  dominant  lethal  effect  when  combined  with  a  genome  from 
Aesilops  umbellulata  Zhuk.  Kostoff  (40)  reported  that  hybrids 
between  Nicotiana  glauca  R«  Gr.  and  Nicotiana  rustics  L.  died 
as  embryos  whereas,  hybrids  from  reciprocal  crosses  were  quite 
viable.  Kehr  and  Smith  (38)  concluded  that  disturbed  growth 
conditions  in  interspecific  crosses  in  Nlcotiana  are  due  to  an 
upset  in  the  harmonal  system  resulting  from  gene  interaction. 


Stebbins  (60)  concluded  that  the  genetic  heterogeneity  of 
species,  in  respect  to  factors  affecting  the  viability  and 
fertility  of  interspecific  hybrids,  was  a  general  phenomenon. 

Hybrid  Sterility 

Dobzhansky  (25)  and  Stebbins  (60)  have  reviewed  extensive- 
ly the  available  literature  on  hybrid  sterility  both  in  animals 
and  plants.  According  to  these  authors  sterility  could  be  the 
result  of  unbalanced  genie  recombinations  or  of  structural  or 
numerical  differences  in  the  chromosomes.  Sterility  in  inter- 
specific hybrids  is  a  common  factor,  but  its  mode  and  extent 
varies  considerably  with  different  groups  of  organisms.  The 
degree  of  fertility  depends  upon  the  genetic  harmony  of  the 
species  concerned.  Disharmonic  genetic  recombinations  may 
interfere  with  the  normal  reproductive  process  at  any  stage 
from  early  meiosis  to  the  development  of  the  embryo. 

Varying  degrees  of  sterility  have  been  observed  in  Fn  and 
subsequent  generations  despite  normal  meiosis.  Oka  (51)  re- 
ported degrees  of  sterility  in  rice  ranging  from  one  percent  to 
one  hundred  percent  in  different  cross  combinations  of  the  types 
belonging  to  the  subspecies  indie a  and  japonica.  He  attributed 
sterility  in  these  types  to  genetic  factors  which  were  found  to 
be  linked  with  such  morphological  characters  as  glutinous  pollen 
and  apiculus.   Increased  vigor  was  also  found  to  be  associated 
with  hybrid  fertility. 

Weak  segregates  with  high  sterility  among  the  progeny  of 
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fertile  interspecific  hybrids  have  been  reported  in  several 
different  groups  of  animals  and  plants.  Stebbins  provided  a 
long  list  of  evidences  on  this  subject.  The  phenomenon  has 
been  termed  "Hybrid  breakdown"  by  Dobzansky  (25).  Vi'eak  and 
poor  segregates  have  also  been  reported  by  Kidd  (39)  in  crosses 
among  different  types  of  sorghums. 

Vinall  (67)  obtained  only  three  seeds  in  numerous  attempts 
to  cross  JorKhum  halepense  with  other  common  cultivated  sor- 
ghums. Kikhailoski  (4-9)  reported  considerable  success  in 
hybridizing  o.vulp;are  and  3. halepense,  but  crosses  using 
o.yulgare  as  the  female  parent  were  successful.  Most  of  the 
hybrids  had  rhizomes  and  a  shattering  rachis.  The  size  of  the 
grain  was  intermediate  between  that  of  the  parents.  Bennet 
and  Hogg  (7)  reported  a  natural  hybrid  between  johnsongrass  and 
Honey  sorgho.  The  F*  was  quite  fertile.  The  F2  segregated 
widely  through  the  complete  range  of  intermediate  types.  F2 
plants  were  fertile  and  generally  vigorous.  Forty  percent  of 
the  plants  had  vigorous  crowns  and  rhizomes  and  survived  the 
winter.  In  some  controlled  crosses  these  authors  obtained  a 
seed  set  as  high  as  eighty-eight  percent,  but  the  seeds  aborted 
early  in  development.  Randolph  (52)  reported  no  difficulty  in 
obtaining  hybrid  seeds  in  an  attempt  to  hybridize  J. halepense 
and  colchicine-induced,  autotetraploid  o . vulgare  var.  Sudanese. 

Gasady  (20)  reported  no  difficulty  in  obtaining  viable 
fertile  seeds  in  crosses  between  autotetraploid  sudangrass 
(n  ■  20)  and  ( johnsongrass  x  4n  sudangrass).  The  frequency  of 


hybridization  was  considerably  higher  when  the  autotetraploid 
sudangrass  was  used  as  the  pistillate  parent.   Casady  (19)  also 
made  some  crosses  with  diploid  (n  «  10)  sudangrass  and  (johnson- 
grass  x  4n  sudangrass)  hut  failed  to  obtain  matured  seeds.  How- 
ever, 28.40  percent  of  the  emasculated  florets  produced  aborted 
seeds  indicating  that  cross  incompatibility  was  due  to  a  break- 
down of  post-fertilization  processes  rather  than  to  a  failure  of 
fertilization. 

Brink  and  Cooper  (15)  stated  that  seed  abortion  due  to 
endosperm  breakdown  is  probably  the  most  effective  barrier  to 
hybridization  between  diploids  and  their  tetraploid  derivatives. 
In  their  study  of  Lycopersicum  pimpinellifolium  R.    Gr.  they 
found  that  4-n-by-4n  matings  gave  endosperm  development  similar 
to  2n-by-2n  matings,  but  2n-by-4n  and  4n-by-2n  matings  resulted 
in  slow  growth  and  eventual  collapse  of  the  endosperm. 

Cooper  and  Brink  (23)  attributed  the  cause  of  abortion  of 
hybrid  seeds  of  Nicotiana  rustica  x  Mcotiana  glutinosa  L.  to 
hyperplastic  growth  of  the  nucellus  which  completely  occluded 
the  endosperm  by  overgrowing  the  chalazal  end.  The  authors  ob- 
served that  there  was  95.00  percent  fertility  of  the  ovules,  but 
that  abortion  occurred  at  various  stages  ranging  from  six  to 
thirteen  days  after  pollination. 

Brink  and  Cooper  (15)  made  the  following  statements  con- 
cerning the  role  of  embryo  and  endosperm  in  the  life  history  of 
the  angiosperms: 

1.  The  embryo  embodies  the  line  of  descent  and  is  there- 
fore the  principal  component  of  the  seed,  but  the 
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conditions  essential  for  growth  and  differentiation  of 
the  zygote  are  not  present  in  the  angiosperms  at  the 
time  of  fertilization. 

2.  The  significance  of  the  endosperm  lies  mainly  in  the 
fact  that  it  plays  a  major  role  in  the  development  and 
maintenance  of  the  medium  suitahle  for  the  growth  of 
the  embryo. 

3.  In  the  normal  2n-by-2n  matings  the  chromosome  ratio 
among  the  embryo,  endosperm,  and  maternal  tissue  is 

2  :  3  i  2,  and  any  change  in  this  ratio  may  result  in 
the  breakdown  of  the  endosperm  with  the  ensuing  death 
of  the  embryo. 

Lee  and  Cooper  (44)  observed  the  breakdown  of  the  endosperm 
in  interspecific  crosses  in  Solanum  species,  and  according  to 
these  authors,  the  cells  in  the  inner  layers  of  the  integument 
breakdown  and  form  a  ring  of  decomposing  tissues  which  does  not 
stain.  Vinall  and  Getty  (6(>)  postulated  that  the  failure  of 
hybridization  of  J.vulKare  and  ^.halepense  was  due  to  an  antago- 
nism or  unfavorable  reaction  between  the  reproductive  organs  of 
the  two  species. 

According  to  Boyes  and  Thompson  (11)  the  development  of  the 
fertilized  ovule  into  a  matured  seed  depends  upon  whether  the 
genotype  of  the  endosperm  possesses  certain  functional  properties 
relative  to  those  of  the  associated  maternal  genotype.  Blakeslee 
(10)  observed  that  in  the  cross,  Datura  stramonium  and  Datura 
metel,  the  embryo  and  endosperm  disintegrate  from  six  to  fifteen 
days  after  pollination.  He  also  noted  that  these  structures  in 
the  hybrid  seeds  develop  slowly  and  that  the  epithelial  cells 
which  surround  the  embryo  sac  become  enormous  in  size  and  upset 
the  normal  nutritional  process. 
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Laibach  (43)  cultured  fourteen-day-old  embryos  from  crosses 
between  Llnum  austricum  Touy.  x  Linum  perenne  L.  var.  Lewisil 
and  brought  them  to  normal  maturity,  thus  showing  the  lack  of 
viability  of  the  hybrid  seeds  was  not  due  to  genetic  lethality 
as  believed  by  some  investigators. 

Skirm  (56)  successfully  grew  interspecific  hybrids  of 
Prunus  on  nutrient  agar,  whereas  under  normal  conditions,  there 
was  usually  abortion  of  the  embryo  at  an  early  stage  of  develop- 
ment. Seventy-six  interspecific  crosses  with  a  two-year  record 
of  viability  were  successfully  grown  by  embryo  culture. 
Blakeslee  and  Jatina  (10)  grew  species  hybrids  of  Datura 
stramonium  by  embryo  culture  on  Van  Overbeek's  medium.  Bhutany 
(9)  also  grew  the  hybrids  of  S.yulgare  and  o.halepense  on  embryo 
cultures. 

^ndrizzi  (28),  Hadley  (32,  33),  Merwine  (48),  and  Bhatti  (8) 
obtained  tetraploids  easily  by  pollinating  many  spikelets  of 
male-sterile,  diploid  sorghums  with  pollen  from  the  tetraploid 
species  S.halepense  and  J.almum  Parodi  (2n  «  40).  Hadley  (32) 
studied  four  hybrids  obtained  by  pollinating  the  diploid  grain 
sorghum,  Blackhull  Kafir,  with  J.halepense.   Three  of  these  were 
assumed  to  be  the  result  of  a  union  of  unreduced  eggs  of  the 
diploid  female  and  normal  gametes  from  the  tetraploid  male. 
Hadley  noted  only  two  chromosome  numbers  among  the  hybrids. 
Apparently,  where  the  female  parent  was  a  male-fertile  type 
emasculated  by  hot  water,  the  predominant  chromosome  number 
was  thirty.  If  all  hybrids  of  this  type  are  considered  a  single 
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group,  the  ratio  becomes  24  :  2  for  50-  and  40-chromosome  com- 
plements respectively.  On  the  other  hand,  where  either  genetic 
(ms2  aiSp)  or  cytoplasmic  male-sterile  was  used  as  female  parent, 
a  higher  number  of  40-chromosome  hybrids  resulted,  the  ratio 
being  7  :  21  for  30-  and  40-chromosome  complements  respectively. 
Similar  results  have  been  obtained  by  iundrizzi  (28),  Bhutany  (9)» 
and  Bhatti  (8).   In  addition,  Endrizzi  (28)  obtained  several 
hybrids  of  Sorghum  vulgare  and  S.halepense  having  30,  40,  and 
39  chromosomes. 

It  is  not  clear  whether  the  diploid  eggs  were  the  result 
of  non-reduction  in  the  meiotic  process  or  were  reduced  eggs 
that  became  doubled  during  delay  in  fertilization  (33).  Hadley 
(33)  assumed  that  male-sterile  plants  produce  a  higher  frequency 
of  unreduced  eggs  than  do  hot-water,  male-fertile  plants. 
Bhutany  (1)  also  found  chromosomal  behavior  of  this  type  in  his 
experiments.  Hadley  proposes  that,  on  a  genome  basis,  hybrids 
with  30  chromosomes  are  two  thirds  johnsongrass  and  one  third 
S.vulgare  while  those  with  40  are  half  johnsongrass  and  half 
S.yulgare.  Both  types  of  hybrids  had  open  heads,  but  the  heads 
of  plants  with  30  chromosomes  were  more  lax  and  finer  than  those 
with  40  chromosomes. 

Hadley  (32)  observed  in  his  studies  that  every  one  of  the 
40-  chromosome  plants  had  rhizomes  but  that  the  degree  of  ex- 
pression was  very  low  with  some  individuals.   The  40-chromosome 
hybrids  did  not  withstand  freezing  conditions  in  the  field.  All 
30-chromosome  hybrids  were  highly  sterile,  whether  self- 
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pollinated  or  open-pollinated.  After  repeated  pollination  by 
sudangrass,  the  30-chromosome  hybrids  produced  seeds,  indicating 
that  such  hybrids  produce  a  low  frequency  of  eggs  with  suf- 
ficient genetic  balance  to  yield  viable  zygotes.  Plants  with 
more  than  40  chromosomes  were  not  as  strongly  rhizomatous  as 
johnsongrass  although  some  were  excellent  in  forage  production. 
A  50-chromosome  plant  was  particularly  weak. 

Hadley  noticed  two  types  of  40-chromosome  plants,  those 
which  were  completely  male-sterile  but  highly  female-fertile, 
and  those  which  were  highly  self-sterile.  Plants  of  the  former 
group  were  typical  male-3teriles.  They  had  florets  with  rather 
small,  narrow  anthers  which  did  not  dehisce.   These  anthers  were 
not  as  rudimentary  as  those  of  either  ms2  /  msp  kafir  plants  or 
cytoplasmic,  male-sterile  kafir  plants.  Seed  set  under  either 
self-  or  open-pollination  was  estimated  at  75  percent  or  more  on 
all  of  these  hybrids. 

Hadley  and  Mahan  (33)  obtained  plants  having  21,  22,  30, 
33*  and  4-3  chromosomes  from  backcrosB  progenies  of  a  30-chromo- 
some hybrid  of  o.vulgare  and  o.halepense.  S.vulgare  was  used  in 
the  backcross.  Fertility  as  estimated  by  pollen  counts,  seed 
set,  and  germination  was  generally  low  and  showed  great  varia- 
tion from  plant  to  plant.   Seeds  from  self -pollinated  plants 
having  segments  of  johnsongrass  chromosomes,  particularly  plants 
carrying  genes  for  rhizome  formation,  germinated  poorly  and  in- 
cluded many  chlorophyll  aberrants. 
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Fertilization  and  Post-fertilization  Processes 

Ayyangar  et  al  (4,  5),  Stephens  and  v^uinby  (62),  and 
Artschwager  and  IlcGuire  (3)  have  extensively  reviewed  the  liter- 
ature on  reproduction  in  sorghums.  Sorghums,  like  most  angio- 
sperms,  have  a  monosporic,  eight-nucleate  embryo  sac  the 
"Normal"  or  "Poligonum"  type  (47).   It  is  formed  by  three  divi- 
sions of  the  functioning  megaspore.  Of  the  eight  nuclei  arising 
in  this  manner,  those  at  the  micropylar  end  give  rise  to  the  egg 
and  the  two  synergids.  Those  at  the  chalazal  end  give  rise  to 
the  antipodal  cells,  and  the  remaining  two,  one  from  each  pole, 
fuse  in  the  center  to  form  a  secondary  nucleus.   In  the  male 
cycle  pollen  grains  are  formed  from  the  pollen  mother  cells 
which  undergo  meiosis  in  the  normal  manner.   Tetrads  are  formed 
after  cytokinesis  and  following  furrowing.   Soon  after  libera- 
tion the  pollen  grains  become  round,  increase  in  size,  and  form 
intine  and  extine  layers.   They  are  usually  trinucleate  with 
haploid  chromosome  complements. 

Fertilization.  Pollen  retains  vitality  for  five  to  ten  hours 
depending  upon  environmental  conditions  (3,  4,  5»  62).   The 
stigma  is  sometimes  receptive  before  blooming  and  several  days 
after.  Pollen  tubes  grow  down  the  stylar  canal  into  the  cavity 
of  the  ovary,  but  one  or  two  apparently  penetrate  the  micropyle 
and  discharge  the  sperm  nuclei.  Fusion  of  the  polar  nuclei 
occurs  simultaneously  with  the  fertilization  of  the  egg  nucleus. 
Stephens  and  ,„uinby  (62)  and  Artschwager  (J)  reported  the  time 
factor  for  fertilization  to  be  about  two  hours,  and  the  length 
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of  the  rest  period  about  four  hours  or  double  the  time  it  takes 
for  the  pollen  tube  to  traverse  the  length  of  the  stigma  and 
discharge  the  sperm  nuclei  into  the  embryo  sac. 
lost-fertilization  development.   The  newly  fertilized  egg  con- 
tains two  nuclei,  one  larger  than  the  other,  fusion  of  the  two 
nuclei  occurs  shortly  after  fertilization,  only  one  being 
present  when  the  primary  endosperm  nucleus  divides.   The  zygote 
and  the  primary  endosperm  nucleus  do  not  divide  immediately 
after  fertilization.   They  undergo  a  rest  period,  which  is  short 
for  the  endosperm  nucleus  but  of  considerable  duration  for  the 
zygote.  During  this  rest  period  general  growth  processes  in  the 
embryo  sac  and  elsewhere  in  the  ovule  continue.  The  filiform 
apparatus  resulting  from  degeneration  of  the  synergids  extends 
fanlike  above  the  micropyle  even  after  fertilization.   The  life 
of  the  antipodal  cells  does  not  terminate  with  fertilization. 
While  their  nuclei  degenerate,  the  antipodals  continue  to  en- 
large and  their  walls  thicken  appreciably.   They  retain  their 
position  near  the  chalazal  end  of  the  embryo  sac,  and  their 
remnants  can  be  seen  until  five  days  after  fertilization  (3»  4, 
5,  62). 

The  primary  endosperm  nucleus  is  usually  situated  above 
the  egg  but  often  assumes  a  lateral  position  just  before  it 
divides.  Before  the  rest  period  of  the  egg  comes  to  an  end, 
four  to  six  endosperm  nuclei  surrounding  a  large  vacuole  are 
present.  Wall  formation  takes  place,  proceeding  toward  the 
center  until  the  whole  sac  is  completely  filled  and  the  nucellus 
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is  displaced.  At  the  base  of  the  ovule,  the  endosperm  cells 
are  small,  elongated  and  angular.  Deposition  of  starch  begins 
on  the  sixth  day,  and  the  outermost  cell3  start  forming  the 
aleurone  layer  approximately  the  ninth  day  after  anthesis  (3). 

The  fertilized  egg  divides  transversely  into  two  cells. 
Wall  formation  in  early  embryogeny  is  basipetal  in  succession 
for  sorghum  as  for  other  grasses.  The  suspensor  pushes  the 
embryo  away  from  the  micropyle  and  persists  until  the  seventh 
day.  Later  it  is  absorbed  by  the  endosperm.   Growth  of  the 
embryo  is  first  symmetrical.  The  young  embryo  is  filiform, 
later  club  shaped,  and  by  the  sixth  day  lozenge  shaped.  It  is 
continuous  with  the  suspensor.  After  the  sixth  day  differenti- 
ation of  the  scutellum,  coleoptile,  and  coleorhiza  begins.   The 
embryo  is  completely  formed  by  the  twelfth  day  (3). 

Origin  of  Johnsongrass  (oorghum  halepense  (L)  Pers.) 

Oasady  and  Anderson  (19)  presented  evidence  suggesting  that 
S.halepense  arose  as  an  autotetraploid  or  as  a  hybrid  of  two 
closely  related  species.  Longley  (46)  suggested  that  it  could 
have  arisen  as  an  autotetraploid  from  a  10-chromosome  annual 
form. 

On  the  other  hand,  Huskins  and  3mith  (35)  Daura  and 
3tebbins  (24),  Hadley  (32),  Merwine  (48),  Krishnaswami,  and 
Raman  (41)  concluded  that  the  species  arose  as  an  allopolyploid. 
Kadley  (32)  concluded  that  o.halepense  originated  as  the  result 
of  crossing  between  two  diploid  species,  one  of  which  was 
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Sorghum  vulgare ,  followed  by  chromosome  doubling. 
Thus, 

AABB  X  AAGO  AABO  2  (AABC). 

Endrizzi  (28)  and  Celarier  (20)  supported  Hadley's  findings. 

Celarier  (20)  further  proposed  that,  S.halepense  arose  as 
a  40-chromosome  species  in  Southeast  Asia  as  the  result  of 
chromosome  doubling  of  a  hybrid  between  Sorghum  propinquum, 
2n  -  20,  (the  only  20-chromosome  species  that  has  rhizomes)  and 
some  other  20-chromosome  species  of  the  subsection  Arundinacea. 
Bhatti  et  al  (8)  suggested  that  o.halepense  originated  as  a 
segmental  allopolyploid  from  natural  crosses  of  3. vulgar e  and 
g . virgatum  in  the  Mediterranean  region  of  Africa. 

MATEEIALS  AND  METHODS 

Cultural  Methods 

Three  cytoplasmic  male-sterile  varieties  viz.,  Martin, 
Combine  Kafir-60,  and  Hedlan  were  used  as  female  parents.   Seeds 
were  sown  in  six-inch  clay  pots  on  December  13,  I960.  Fifty 
pots  were  sown  for  each  variety,  and  the  seedlings  were  raised 
in  the  greenhouse.   Stands  were  thinned  14  days  and  22  days 
after  seeding.  After  the  second  thinning  only  one  seedling  was 
left  in  each  pot. 

Johnsongrass  (S.halepense)  was  utilized  as  the  male  parent. 
Fifty  vegetatively  propagated  plants  were  raised  in  six-inch 
pots. 
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As  soon  as  panicles  of  male-sterile  varieties  reached  the 
flag  leaf  stage  they  were  covered  with  paper  hags  to  prevent 
outcrossing.  Similarly,  panicles  of  johnsongrass  were  hagged 
for  collection  of  pollen.  lollen  collected  in  the  hags  was  used 
for  pollinating  the  cytoplasmic,  male-sterile  plants  between 
11  a.m.  and  12  noon.  The  plants  in  which  emhryological  studies 
were  to  he  made  were  pollinated  only  once,  when  the  complete 
head  was  in  full  bloom.  A  panicle  took  four  to  six  days  to  com- 
plete flowering.  The  plants  in  which  frequency  of  seed  set  was 
to  be  studied  were  pollinated  twice  in  consecutive  days.  After 
pollination  the  heads  were  covered  with  pollinator  bags. 

Jince  seed  set  percentage  was  very  low,  pollination  was 
continued  on  the  secondary  tillers  till  the  end  of  July  1961. 
The  frequency  of  seed  set  was  calculated  on  the  basis  of  the 
number  of  heads  and  spikelets  pollinated,  the  number  of  fully 
developed  seeds,  and  the  visible  shrivelled  seeds  (Fig.  7).     The 
data  are  presented  in  the  tables  1,  2,  and  3. 

Embryological  Methods 

Five  plants  in  each  variety  were  selected  for  embryological 
studies.  After  pollination  20  to  25  spikelets  were  collected 
and  fixed  in  Camoy's  solution* 

95%  iithyl  alcohol  6  Parts 

Glacial  acetic  acid  3  Parts 

Chloroform  1  Part 

Collections  were  made  at  24-  hour  intervals  for  seven  days. 
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The  spikelets  were  transferred  from  Oarnoy's  solution  to  7CU 
ethyl  alcohol,  and  the  material  was  stored  at  5  0»   Subsequent 
procedure  was  as  follows: 


50% 

Ethyl 

alcohol 

12 

hours 

50;. 

ii 

ti 

+ 

Eosin 

12 

ii 

60% 

H 

tt 

12 

ii 

70% 

ti 

it 

12 

ii 

90% 

ii 

ii 

12 

it 

100% 

ti 

ii 

12 

tt 

75% 

u 

ii 
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25%  Xylol 

12 

it 

90% 

ti 

ii 

+ 

50%   ■ 

12 

ii 

85% 

n 

tt 

+ 

75%   ■ 

12 

ti 

100%  -ylol 

12 

t» 

Three  to  four  changes  in  paraffin  were  made  until  there 
was  no  odor  of  xylol.   Tissue  mat  with  a  melting  point  of  56°C 
was  used  for  final  embedding,   embedding  was  accomplished 
through  a  technique  described  by  Gray  ($2). 

Sections  10  to  15  mm.  in  thickne33  were  prepared  by  means 
of  a  rotary  microtome.   They  were  affixed  to  slides  by  means  of 
ilayer's  adhesive  which  was  prepared  as  follows: 

Fresh  egg  white         50  ml. 

Glycerin  50  ml. 

oodium  salicylate        1  gm. 
Jtaining  with  Safranin  0  and  fast  green  was  done  according  to 
the  following  schedule  described,  with  slight  modifications,  by 
Harnett  (6) : 
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1. 
2. 

3. 
4. 

5. 
6. 

7. 


8. 

9. 

10. 


11. 
12. 

13. 
14. 

15. 


•  • 

5 

minutes 

5 

it 

. . 

5 

it 

.  • 

5 

ti 

•  • 

5 

it 

.  • 

5 

ii 

.  * 

Time  varies 
(30-40  minutes) 

Xylene      . .       . . 

Xylene 

^thyl  alcohol  (absolute) 

70/j   ^thyl  alcohol 

Distilled  water 
oafranin  0  dye  solution 

(Dissolve  5  gram  dye  in  200  ml.  Hethyl  Oellosolve, 
then  add  100  cc.  95a>  Bttajl  alcohol  and  100  cc.  dis- 
tilled water,  4  gram  sodium  acetate  and  8  cc. 
formaldehyde ) 

Distilled  water      . .        . .  Approx.  5  minutes 
Distilled  water      . .        . .  Approx.  5  minutes 
(Next  two  steps  were  used  when  the  stain  was  dark 
enough  in  the  safranin  solution.) 

a.  95/o  ^thyl  alcohol  containing  0.25,^  picric  acid 
for  1  second. 

b.  95%  -thyl  alcohol  containing  10%  Ammonium  hydrox- 
ide, 4  drops  per  100  cc.  for  2  seconds. 


50/j  ^thyl  alcohol 
95a>  -thyl  alcohol 
lOOyo   iJthyl  alcohol 
100%  J^thyl  alcohol 
itest-green  dye  solution 


Approx.  5  minutes 

Approx.  5  minutes 

Approx.  5  minutes 

Approx.  5  minutes 

20  to  30  seconds 
(time  varies) 


(Dissolve  2  gm.  dye  in  100  cc.  absolute  alcohol  and 
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100  cc  Methyl-cellosolve.  Mix  2  parts  of  this  solu- 
tion with  one  part  of  a  solution  of  25  parts  absolute 
alcohol  and  75  parts  clove  oil.) 

16.  Pure  clove  oil       . .  10  seconds 

17.  Clearing  mix        ..        ..20  seconds 

(2  parts  of  clove  oil,  1  part  of  absolute  alcohol  and 
1  part  of  xylol.) 

18.  Xylene      ..       ..        ..5  minutes 

19.  Xylene  (2  changes.)   ..        ..5  minutes  each 

20.  Mount  in  Canada  Balsam         .. 

Cytological  Methods 

Whole  inflorescences  of  the  hybrid  plants  were  fixed  in 
Carnoy's  solution  for  24  hours  and  stored  in  70%  ethyl  alcohol. 
The  material  was  collected  between  10  a.m.  and  11  a.m.  Cyto- 
logical studies  were  made  according  to  a  smear  technique  de- 
scribed by  Johannsen  (56). 

Photomicrographs  were  taken  by  means  of  a  Kodak  Pony  camera 
mounted  on  a  triocular  Spencer  Microstat  Microscope.  The  films 
used  were  Adox.  K.  B.  14.  35mm. 

RESULTS  AND  DISCUSSION 

Data  on  the  frequency  of  seed  set,  and  frequency  of  ferti- 
lization, and  establishment  of  offsprings  of  J.vul&are  x 
S.halepense  are  presented  in  tables  1  to  5.  All  three  varieties  of 
S.vulaare  exhibited  low  seed  set  (33.30  percent)  in  crosses  with 
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o.halepense.  96.21  percent  of  the  visible  seeds  produced  were 
shrivelled. 

The  study  of  six-day  ovaries  showed  that  the  average  per- 
centage of  stimulated  (and  presumably  fertilized)  ovaries  was 
81.66.  Apparently  40.77  percent  of  the  fertilized  ovaries 
failed  to  produce  visible  seeds  (tables  4  and  6). 

In  crosses  between  3.yulgare  and  S.halepense  Hadley  (32), 
Endrizzi  (28),  and  Bhatti  et  al  (8)  obtained  mature,  viable  seeds 
in  most  of  the  o.vulgare  spikelets  which  were  male-sterile,  the 
percentage  being  higher  in  cytoplasmic,  male-sterile  stocks  than 
in  genetic,  male-sterile  stocks  (32).  Karper  and  Chisholm  (37), 
and  Oasady  and  Anderson  (20)  failed  to  obtain  well-developed  hy- 
brid seeds  in  emasculated  spikelets.  The  latter  workers  observed 
that  28.40  percent  of  the  emasculated  spikelets  produced  aborted 
seeds.  Higher  seed  set  percentages,  through  the  use  of  male- 
sterile  stocks,  have  been  reported  by  several  workers  (8,  9,  22, 
27,  32).  Hadley  (32)  reported  that  the  frequency  of  seed  set 
(assumed  to  be  due  to  unreduced  eggs)  was  71»40  percent  and  80.00 
percent  with  genetic  and  cytoplasmic,  male-sterile  stocks  re- 
spectively. ■chit  so  far  no  one  has  studied  the  frequency  on  a 
large  scale  in  the  greenhouse  or  in  the  field.  Hadley  (32), 
Bhutany  (9),  and  Celarier  (20)  noted  that  ^.halepense  plants 
from  different  regions  differed  in  their  compatibility  with 
S.vulgare.   It  appears  that  the  o.halepense  plants  in  the  pres- 
ent study  were  of  the  less  compatible  type. 
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Table  1.  Frequency  of  seed  set  in  o.vulgare  (Var.  Martin) 
x  o.halepense. 


Plant 
Number 


1 
2 

3 
4 

5 
6 

7 
8 

9 
10 
11 
12 

13 

14 

15 
16 

17 
18 

19 
20 
21 
22 


Number  of 

beads 

pollinated 


Number  of 

spikelets 
pollinated 


Number  of 
sbri veiled 
seeds 


Number  of 
fully 
developed 
seeds 


2 

198 

66 

1 

76 

22 

3 

208 

58 

2 

192 

39 

3 

150 

55 

2 

125 

34 

145 

42 

2 

159 

39 

303 

93 

116 

42 

105 

39 

150 

70 

202 

42 

110 

39 

250 

90 

110 

29 

3 

140 

32 

1 

121 

36 

2 

134 

41 

1 

98 

28 

4 

145 

38 

1 

96 

27 

1 

1 

2 
0 
2 
4 
0 
0 
4 
1 
3 
2 

5 
1 
2 
3 
1 
0 
0 
0 

1 

0 


Table  1  (cont.) 
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Plant 

Number 

Number  of 

beads 

pollinated 

Number  of 
spike lets 
pollinated 

Number  of 
shrivelled 

seeds 

Number  of 

fully 

developed 

seeds 

25 

3 

205 

68 

10 

24 

2 

105 

33 

X 

25 

1 

75 

18 

X 

26 

2 

138 

22 

2 

27 

1 

180 

38 

X 

28 

2 

165 

90 

X3 

29 

2 

110 

80 

12 

30 

2 

109 

56 

0 

31 

2 

138 

42 

4 

32 

1 

128 

32 

0 

33 

9 

149 

45 

2 

34 

1 

99 

32 

0 

35 

2 

215 

94 

0 

36 

2 

128 

39 

0 

37 

1 

80 

35 

0 

38 

2 

105 

27 

0 

39 

2 

98 

32 

0 

40 

2 

110 

50 

0 

41 

1 

132 

39 

0 

42 

2 

118 

68 

3 

43 

9 

140 

38 

0 

44 

3 

124 

49 

0 

45 

4 

315 

101 

2 

23 


Table  1  (concl.) 


Plant 

dumber 

Number  of 

heads 

pollinated 

Number  of 
spikelets 
pollinated 

Number  of 
shrivelled 

seeds 

Number  of 
fully 
developed 
seeds 

46 

2 

75 

22 

1 

47 

2 

110 

40 

0 

48 

2 

96 

32 

0 

49 

3 

130 

39 

5 

50 

2 

115 

29 

0 

Grand 
Total 

102 

7026 

2191 

92 

24 

Table  2. 

Frecuency  of  seed  set  in  -J.vulpare 
(Vat.   Combine  Kafir-60)  x  o.balepense. 

Plant 
Number 

1 

Number 

beads 

pollinj 

3 

of     Number  of     Number  of 

spikelets     sbrivelled 
ited    pollinated    seeds 

Number  of 
fully 
developed 
seeds 

115        *5 

5 

2 

2 

128          62 

0 

5 

1 

78          22 

1 

4 

4 

112          52 

8 

5 

2 

105          *5 

2 

6 

1 

92         5^ 

0 

7 

2 

116         45 

0 

8 

1 

101          40 

0 

9 

3 

96         52 

4 

10 

2 

119        43 

0 

11 

1 

128         37 

3 

12 

1 

142          45 

4 

15 

2 

90          34 

2 

14 

2 

115          48 

5 

15 

1 

109        59 

0 

16 

1 

96         28 

0 

17 

2 

127         45 

0 

18 

1 

88         29 

0 

19 

2 

110         38 

0 

20 

2 

125         43 

0 

21 

1 

95        51 

0 

22 

1 

115         45 

1 

Table  2  (cont.) 
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riant 
Number 

Number  of 

heads 

pollinated 

Number  of 
spikeleta 
pollinated 

Number  of 

shrivelled 

seeds 

Number  of 

fully 

developed 

seeds 

23 

2 

98 

33 

0 

24 

2 

123 

48 

0 

25 

2 

117 

58 

0 

26 

2 

78 

29 

2 

27 

2 

98 

34 

2 

28 

1 

103 

36 

0 

29 

1 

95 

38 

6 

30 

1 

109 

44 

0 

31 

1 

136 

57 

0 

32 

2 

129 

31 

0 

33 

2 

135 

47 

0 

34 

1 

95 

32 

0 

35 

1 

78 

23 

2 

36 

1 

93 

34 

0 

37 

1 

116 

37 

3 

38 

2 

122 

45 

0 

39 

1 

96 

32 

0 

40 

1 

110 

43 

5 

41 

1 

78 

23 

0 

42 

1 

74 

31 

0 

43 

2 

96 

32 

3 

44 

1 

98 

36 

0 

45 

3 

150 

62 

11 

Table  2  (concl.) 
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llant 
iiumber 

Number  of 

beads 

pollinated 

Number  of 
spikelets 
pollinated 

Number  of 
shrivelled 

seeds 

Number  of 
fully 
developed 
seeds 

46 

1 

103 

33 

0 

47 

2 

145 

49 

6 

48 

1 

94 

27 

0 

49 

1 

103 

32 

0 

50 

1 

78 

21 

0 

Grand 
Total 

77 

5348 

1887 

73 

27 

Table  3« 

Frequency  of 
S.halepense. 

seed  set  in 

3. vulvar e  (Var. 

Redlan)  x 

Number  of 

Number 

of 

Number  of 

Number  of 

fully 

Plant 

beads 

spike lets 

sbrivelled 

developed 

Number 

pollinated 

pollinated 

seeds 

seeds 

1 

3 

85 

21 

3 

2 

2 

106 

3* 

0 

3 

4 

204 

39 

0 

4 

1 

96 

24 

0 

5 

2 

125 

39 

1 

6 

1 

92 

24 

0 

7 

2 

60 

22 

2 

8 

2 

96 

28 

2 

9 

4 

175 

53 

0 

10 

2 

132 

39 

0 

n 

1 

75 

21 

0 

12 

1 

92 

28 

0 

13 

2 

102 

32 

0 

14 

1 

91 

30 

0 

15 

1 

79 

23 

0 

16 

2 

116 

27 

0 

17 

2 

96 

22 

0 

18 

3 

123 

31 

0 

19 

2 

104 

27 

0 

20 

1 

76 

31 

0 

21 

2 

98 

32 

0 

22 

3 

127 

29 

0 

Table  3   (cont.) 
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Plant 

Number 

Number  of 

beads 

pollinated 

Number  of 

spikelets 
pollinated 

Number  of 

shrivelled 

seeds 

Number  of 
fully 
developed 
seeds 

23 

1 

78 

22 

0 

24 

1 

81 

24 

0 

25 

2 

97 

32 

0 

26 

1 

87 

27 

0 

27 

1 

92 

31 

0 

28 

2 

99 

26 

1 

29 

1 

86 

23 

0 

30 

1 

89 

31 

0 

31 

2 

72 

19 

4 

32 

1 

78 

23 

0 

33 

2 

68 

15 

1 

34 

1 

94 

29 

1 

35 

1 

74 

23 

0 

36 

2 

88 

27 

0 

37 

1 

134 

38 

3 

38 

2 

106 

25 

0 

39 

1 

110 

25 

2 

40 

2 

140 

60 

14 

41 

2 

131 

39 

0 

42 

2 

120 

44 

1 

43 

1 

105 

27 

1 

44 

1 

95 

24 

3 

45 

1 

180 

55 

4 

29 

Table  3 

(concl.) 

Number  of 

Number  of 

Number  of 

Number  < 

3f     fully 

xlant 

heads 

spikelets 

shrivelled    developed 

Number 

pollinated 

pollinated 

seeds 

seeds 

46 

2 

116 

37 

0 

*7 

2 

55 

15 

1 

48 

2 

125 

34 

3 

49 

1 

78 

22 

0 

50 

1 

96 

35 

0 

Grand 

Total 

83 

4924 

1508 

47 

Table  4, 

Summary  of  the  frequency  of 

seed  set  in  S.vulgare  x 

S.halepense  i 

cross. 

No .  of 

x ercent- 

No.  of 

spike-  No.  oi 

:  o.  of 

Percent-  age  of 

heads 

lets    shriv- 

•  devel- 

age of   seeds 

S.vulgare      polli- 

polli-  elled 

oped 

visible  fully 

varleTI'es       nated 

nated   seeds 

seeds 

seed  set  developed 

Martin 

102 

7026    2191 

92 

32.37     1.42 

Combine 

Kafir-60  77 

5348    1887 

75 

36.38     1.40 

Redlan 

83 

4924    1508 

47 

31.17     0.96 

262 

17,298   5,586 

214 

33.30     1.26 

30 

Table  5»  Germination,  establishment 

and  hybrid  plants. 

(d.vulRare  x  o.halepense) 

Number  of   Number  of 

Number  of 

o.vulp;are      Number  of   seeds      plants 
varieties       seeds  sown  germinated  survived 

hybrid 
plants 

Martin            92        92 

19 

11 

Combine  £af ir-60    74        74 

67 

0 

iledlan            47        46 

32 

1 

Total             213        212 

118 

12 

Table  6.  Percentage  of  fertilized  ovaries  after  6 

days  after 

pollination  in  S.vulRare  x 

o.halepense. 

Number  b? 

Number  of 

Percentage 

o.vulKare               spikelets 
varieties               ob seized 

fertilized 
ovaries 

of  spikelets 
fertilized 

Martin                    20 

16 

80 

Combine  Kaf ir-60           20 

18 

90 

Median                    20 

15 

75 

Total                    60 

49 

81.66 

. 
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Fig.  X.  ^hisoaes  of  £♦ 

Tig*  2.     ^hisoaes  In  the  hybrid  plants. 
(->. vulgar*  x  ^.haloponao). 

Tic.  5«     F.  hybrid  plants  aa  compared  to  the 
otvulgaro  plant  (one  to  the  left). 


Fig.  4.     ianiele  of  £•] 

flea*  5  and  6.     laniolea  of  the  hybrid. 

Fig.  7*     a.      seeds  of  v.haloponae. 
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Embryogenesis 

Histological  changes  occurring  in  ovule,  the  endosperm,  and 
the  embryo  during  the  seven  days  following  fertilization  are  in- 
dicated in  tables  7  to  9» 

Ovule  development.  The  length  of  the  ovule  on  the  first  day 
after  fertilization  was  695  microns,  whereas  that  of  the  normal 
S.vulgare  was  1230  microns.   In  crosses  within  o.vulgare  ovule 
length  doubles  each  day  for  the  first  four  days.   In  crosses 
between  S.vulKare  and  o.halepense  the  ovules  increase  in  length 
at  about  half  this  rate.  On  the  seventh  day,  the  ovule  of  the 
female  parent  was  1676  microns  in  length  compared  to  2700  microns 
for  normal  ovules. 

Endosperm  development.   The  rate  of  development  of  the  hybrid 
endosperm  is  indicated  in  table  7»  -Figures  1  to  9,  PLATE  II, 
indicate  the  nature  and  rate  of  development  from  the  first  day 
to  the  seventh  day  after  pollination.  -Figure  2,  PLATE  II,  shows 
the  fusion  of  the  polar  nuclei  just  above  the  egg  nucleus.  The 
endosperm  cells  were  small  and  compact  with  very  little  vacuo- 
lization. As  the  normal  endosperm  advanced  in  age  its  cells 
became  large  and  isodiametric  and  developed  larger  vacuoles.  By 
the  seventh  day  it  filled  most  of  the  ovule  pushing  aside  the 
nucellus.   In  the  cross,  however,  it  has  grown  to  only  two 
thirds  of  the  ovule.  Moreover,  it  was  still  in  the  developing 
phase  whereas,  the  normal  endosperm  had  entered  upon  the  phase 
of  differentiation.   31ow  development  of  the  endosperm  appeared 
to  be  the  first  visible  abnormality  in  interspecific  crosses. 
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Brink  and  'Jooper  (15)  discussed  in  detail  the  development  of 
the  young  seed  after  fertilisation,  They  reported  that  the 
development  of  the  seed  is  dependent  upon  the  maintenance  of 
the  rapid  growth  of  the  endosperm,  which  requires  a  delicate 
"physiological  balance"  hetween  the  endosperm  and  the  adjacent 
maternal  tissue.  They  further  suggested  that  the  incompati- 
bility arises  when  the  ratio  of  the  chromosome  numbers  of  the 
maternal  tissue  and  the  endosperm  varies  in  either  direction. 

In  the  present  cross  between  -,.vuly;are  (2n  «  20)  and 
-> . halepenee  (2n  •  40)  the  chromosome-number  ratio  is  not  in  ac- 
cord with  the  2:3:2  ratio  formulated  by  Muntzing  (50).  u« 
observed  that  shrivelled  seed  from  autotetraploid  rye  gave  more 
aneuploid  plants  than  did  well  developed  seed  and  concluded  that 
the  slightest  deviation  from  the  2:3:2  ratio  (resulting  in 
this  case  from  the  aneuploid  gametes)  can  result  in  endosperm 
breakdown. 

The  present  study  of  embryo  development  was  limited  to 
seven  days  after  pollination.  From  the  results,  it  would  seen 
that  the  rate  of  development  of  the  endosperm,  the  embryo,  and 
the  ovule  is  reduced  in  the  croas.  The  exact  reason  of  retarded 
endosperm  development  is  not  yet  clear,  especially  in  the  case 
of  interspecific  crosses.  ^11  other  visible  abnormalities 
accompanying  seed  failure  seem  to  be  secondary  to  this 
phenomenon. 

Casady  (18)  observed  that  in  2n-by-4n  crosses  seed  develop- 
aent  appeared  to  progress  normally  until  approximately  the 
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fifteenth  day  after  pollination  but  that  shortly  thereafter  the 
young  seed  began  to  show  shrivelling  and  discoloration,  a  con- 
dition which  continued  until  the  seed  was  entirely  shrivelled 
and  discolored.  In  the  present  study,  although  81.66  percent 
of  the  ovules  were  fertilized,  only  33.30  percent  developed  to 
the  visible-seed  stage. 

Cooper  and  Brink  (23),  who  studied  seed  development  in 
Uicotiana  crosses,  stated  that  the  direct  cause  of  failure  in 
the  hybrid  seed  appeared  to  be  the  starvation  of  the  endosperm 
through  a  more  or  less  complete  obstruction  of  the  immediate 
line  of  supply  by  the  overgrown  (hyperplastic)  nucellus.  They 
postulated  that  the  hyperplastic  nucellus  acts  as  a  barrier  to 
the  inward  movement  of  materials  and  diverts  to  its  own  use  the 
food  which  would  otherwise  pass  to  the  endosperm  and  to  the  em- 
bryo. They  referred  to  this  phenomenon  as  "somatoplastic  ste- 
rility". It  is  essentially  a  malnutritional  phenomenon  associ- 
ated with  the  genotypic  diversity  of  tissues  within  the  seed. 
Kraus,  Bradbury  and  Blakeslee,  as  quoted  by  Cooper  and  Brink 
(23),  found  the  same  type  of  disturbance  in  the  nutritive  proc- 
ess in  orchard  fruits,  sour  cherries,  and  Datura  species 
respectively. 

Haberlandt,  as  quoted  by  Maheshwari  (47),  stated  that  the 
proper  conversion  of  starch  in  the  endosperm  to  the  soluble  form 
to  be  used  by  the  embryo  is  the  function  of  the  enzyme  diastase 
which  is  present  in  the  aleurone  layer.  The  hyperplastic  growth 
of  the  nucellus  may  be  due  to  the  failure  of  the  enzyme  or  other 
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inhibitary  factors.  The  nucellus  overgrows  at  the  expense  of 
the  food  of  the  embryo.  A  study  of  this  relationship  may  ex- 
plain the  failure  of  the  endosperm  following  interspecific 
crosses. 

Embryo  development.   Data  on  the  rate  of  the  development  of  the 
embryo  is  presented  in  table  9.  Figure  5»  PLATE  II,  shows  the 
egg  nucleus  fused  with  the  sperm  nucleus.   Details  of  the  stages 
of  embryo  development  could  not  be  recorded  because  of  the  diffi- 
culty in  getting  sections  at  the  right  stage.   Growth  of  the 
embryo  is  slow  as  in  case  of  that  of  the  endosperm  probably  be- 
cause of  the  difference  between  the  chromosome  numbers  of  the 
sperm  and  egg  nuclei.   The  rate  of  development  of  the  proembryo 
is  less  than  that  of  the  endosperm,  because  the  embryo  undergoes 
a  much  longer  rest  period  than  does  the  endosperm  (3). 

The  antipodals  did  not  degenerate  soon  after  fertilization 
as  did  the  synergids.  The  nuclei  of  the  antipodals  degenerated, 
but  the  antipodals  went  on  enlarging  with  the  development  of 
thick  walls.  They  retained  their  position  near  the  chalazal  end, 
Fig.  8,  FLATE  II.  Remnants  of  the  antipodals  were  observed  in 
the  ovules  five  days  after  fertilization. 


39 


Table  9.  Hate  of  development  of  the  embryo  in  3.vulg;are  x 
S.halepense  and  3.yulgare. 


S.vulKare  x  o.halepense 

,.r;e    Tength    ■.'idtb 


S.vulgare  3/ 

length.   Width 


i'orm 


1  day 

2  days 

3  days 

4  days 

5  days 

6  days 

7  days 


26 

31 
4-2 
64 
94 
132 
198 


18* 
22** 
28** 
40** 

53* 

62** 

82* 


38 

— 

70 
92 

105 
164 
420 


•Measurements  are  of  single  embryo. 

**Average  measurements. 

2/ Data  from  Artschwager  and  licGuire  (3). 


23  2  celled 
filiform 

38  ligulate 

69  club  shape 
65       -do- 
85       -do- 
140       -do- 


Of  HAXE  IX 


Fig.  1.   1  day  old  ovule  with  primary 

endosperm  nucleus  end  egg  nucleus 
present.  (160  x) 

rig,  2.  1  da/  old  embryo  and  endosperm. 

Pig.  5.      -do*  enlarged. 

Fig.  4.  2  da/  old  endosperm. 

* ig»  5»  5  da/  old  endosperm. 

jfig.  6.  4  day  old  endosperm. 

Fig.  7*  5  da/  old  endosperm. 

Fig.  8.  6  da/  old  endosperm. 

Pig*  9.  7  da/  old  endosperm. 

Figs.  1,  2,  4,  5,  6,  7,  8f  and  9    160  x 
Fig.  3.  775  x 
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?x   Hybrids 

There  were  eleven  hybrid  plants  from  Jlartin  x  i.halepenae* 
one  hybrid  from  Median  x  v.haiepense.  and  none  from  Combine 
Xafir-60  x  >.halepenae«   It  is  surprising  that  Combine  ixafir-60, 
which  is  known  to  cross  easily  with  other  sorghum  lines,  did  not 
produce  a  single  hybrid  (28,  32)  •  All  hybrid  plants  had  leaves 
with  white  midrib. 

...11  the  hybrids  were  highly  sterile  triploids  (n  ■  30). 
Triploid  plants  obtained  from  diploid-by-tetraploid  crosses  have 
been  studied  by  several  workers  (28,  32,  37*  39).  The  literature 
contains  reports  of  both  sterility  and  fertility  in  triploid  hy- 
brids, according  to  jtebbins  et  al  (59)  the  triploid  hybrids, 
^pyo-pyron  inerme  Scriben.  and  Smith  iiydb.  x  -lvmus  discus  3uckl 
arx<i  i«  parishli  ocribn.  and  Smith  x  a.  aplcatua.  ursh.  ocribn. 
and  Smith  produced  completely  aborted  pollen  and  failed  to  set 
seed.   In  the  present  study  all  P,  plants  apparently  originated 
from  the  union  of  normal  gametes  of  the  parent  species 
(2n  x  4n 3n). 

At  meio3ls  the  chromosomes  of  a  triploid  may  associate  as 
trivalents,  bivalents  and  univalents.   At  any  rate,  gametes  with 
unbalanced  chromosome  numbers  are  produced  by  triploids.  Charac- 
teristically, many  triploids  are  quite  sterile  as  a  result  of 
unbalanced  gametes  and  unbalanced  physiological  and  genotypic 
constitutions. 

Hadley  (32),  however,  used  a  diploid,  cytoplasmic,  male- 
sterile  sorghum  as  a  female  parent  in  a  cross  with  >.haler>ease 
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(from  Israel).  He  obtained  mostly  triploids  in  the  F-.  He  also 
noticed  that  30-chromosome  hybrids  were  very  irregular  in  pair- 
ing, showed  many  laggards  and  bridges,  and  set  no  seed  when 
self-pollinated.  He  postulated  that  the  30-chromosome  hybrid 
could  be  represented  by  the  formula  2  (AB)  (AC)  and  that  its 
mode  of  pairing  was  5-trivalents,  5-bivalents,  and  5-univalents. 
He  further  assumed  that  genomes  B  and  C  were  similar,  though  not 
identical,  a  situation  which  would  explain  the  occurrence  of 
more  than  5-trivalents.  He  hypothesized  that  cryptic  structural 
differences  caused  sterility  in  the  hybrids.  Hadley  assumed 
that  a  30-chromosome  hybrid  has  two  genomes  of  3. halepense  and 
one  genome  of  o. vulgar e.  He  obtained  seeds  from  30-chromosome 
F,  plants  by  backcrossing  to  20-chromosome  plants,  thus  sup- 
porting the  above  assumption. 

Rhizome  development  was  observed  in  all  F,  plants  but  vari- 
ed in  degree.   (Figs.  1  and  2,  PLATE  I) 

SUMMARY 

1.  The  cultivated  sorghums  of  greater  economic  importance 
consist  of  two  species:   Sorghum  vulvar e  Pers.,  which  has  20 
chromosomes,  and  Sorghum  halepense  (L)  Pers.  (johnsongrass), 
which  has  40  chromosomes. 

2.  Cytoplasmic,  male-sterile  lines  of  three  j.vulfiare 
varieties  viz.,  Martin,  Combine  Kafir-60,  and  fiedlan  were  used 
as  female  parents  in  crosses  with  3. halepense. 

3.  The  frequency  of  seed  abortion  was  high.  Although 
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81.66  percent  of  the  pollinated  splkelets  were  fertilized,  only 
33* 30  percent  produced  visible  seeds  and  only  1.26  percent  pro- 
duced fully  developed  seeds.  Of  118  offspring  established  only 
twelve  were  hybrids. 

4.  All  the  hybrids  were  highly  sterile  triploids  (n  «  30). 
Hybrid  vigor  was  well  expressed  in  tiller  development,  height, 
leaf  width,  and  stem  thickness.  Rhizome  development  varied  with 
individual  plants,  but  was  not  so  pronounced  in  any  hybrid  as  in 
the  male  parent. 

5.  2arly  embryogenesis  was  studied  till  the  seventh  day 
after  pollination.  Results  indicated  that  the  embryo  and  the 
endosperm  developed  more  slowly  in  the  interspecific  cross  than 
crosses  within  o.vulgare. 
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The  cultivated  sorghums  of  greatest  economic  importance 
consist  of  two  species,  oorpfoum  vulsare  Pers.,  which  has  20 
chromosomes,  and  iorghuin  halepense  (L.)  Pers.,  which  has  40 
chromosomes.   In  sorghums,  as  in  other  flowering  plants,  col- 
lapse of  the  immature  seed  is  a  frequent  cause  of  sterility 
following  interspecific  matings.  The  present  study  deals  with 
crosses  between  oorghum  halepense  and  three  cytoplasmic,  male- 
sterile  varieties  of  .jorKhum  vulflare .   otudy  of  early  embryo- 
genesis  is  also  undertaken. 

Of  17,298  cytoplasmic,  male-sterile  spikelets  dusted  with 
pollen  from  oorKhum  halepense,  5,586  (33.50  percent)  produced 
visible  seeds.  Only  214  (1.26  percent)  developed  normal  seeds. 
Microscopic  study  indicated  that  81.66  percent  of  the  spikelets 
were  fertilized  under  greenhouse  conditions.   It  indicated  that 
the  remaining  48.36  percent  in  which  fertilization  had  taken 
place  had  been  aborted  before  visible  seeds  were  formed. 

Though  germination  of  the  seeds  was  nearly  one  hundred  per- 
cent, establishment  of  the  seedlings  was  low.  Of  214  seeds  ger- 
minated, 118  were  established.  Only  twelve  hybrid  plants  were 
obtained.  Eleven  of  these  were  from  Martin  x  5, halepense,  and 
one  was  from  iiedlan  x  o. halepense. 

kll   hybrid  plants  were  triploid  (2n  ■  30)  and  highly 
sterile.   They  were  tall  and  leafy  and  exhibited  white  midribs, 
profuse  tillering,  and  varying  degrees  of  rhizome  development. 
They  flowered  a  week  earlier  than  the  -^.vul^are  plants. 

In  interspecific  crosses  the  rates  of  development  of  the 


ovule,  endosperm,  and  embryo  were  approximately  half  the  rates 
in  interspecific  matings.   The  endosperm  cells  were  compact, 
small,  and  much  less  vacuolated  than  those  of  normal  endosperm. 
They  did  not  fill  most  of  the  central  cavity  of  the  ovule  by 
the  seventh  day  after  pollination  as  is  the  case  with  normal 
endosperm  cells. 

The  first  visible  abnormality  following  the  interspecific 
cross  was  the  slow  development  of  the  endosperm  and  its  failure 
to  differentiate  at  the  normal  rate.   This  failure  may  have  been 
due  to  a  disturbance  in  a  delicate  "developmental  or  physio- 
logical balance"  among  the  embryo,  endosperm,  and  the  maternal 
tissue.   It  may  also  have  been  due  to  a  hormonal  effect  or  to 
factors  inhibiting  the  normal  enzymatic  activities  in  the  de- 
veloping seed. 


